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Vhst is eleetromotive force? 


ek ck als in 
of sbeatiat 


ve have two bodie: 
& veltsic cell, 
betwean hem leo by 
external cirenit. The ; 
potential the greater 
Surrent produced, 


Potential is the force which moves electricity throug 
the circuit. Thus, the Lotal foree requirec to cause 
the carraut to £1 Ou , through tne cirenit is ealled 


tre eleetremoetive force, 
A diffaronee ir potential existing vetwean but two 
cointa in s cirenit weuld osuse the eurrent to flow: 
ugt between theee tro points, therafere: 
Zlectrometive foree ig the tetel difference cf potene: 
tial that ig maintained in any circuit. 
Cn what does the FMF of a celi dsvend? i 


A celi ccnsists, esesntisily of two dissimilar metals 
immere3d im a solution which will attack one of 
the plates. These two rlates must be dissimilar so 
the tne degres of intensity of the ehemicsal action 
ch one clate will ese sveeter than un the other, 

Whe EMP of a cell derpande, the ia on th differencs 
in intensity of the chemical nd the solu. 
tion used for electrelyte. Th &) and the | 
distance between  Uhe plates ffs the ae 

“what subatances are known ss the eleetro-chemical ser= 

jes? Give their pelarities when immerced in a dilute 


solution of H&ésc4. 


The fol) owine substances are known as the electro-chem 
ical esries. Their polarity in 3 dilute selution of 
suipruric scid dspends on the substanee chosen for 
the oppesite plate. Their rosition in the series de- 

pends on the intansity that 4 Silute solution of swi- 
okvriec acid will act apon $n 
EF Direction ef current thro nah external cirenuit. 
ee 
3S SINC [TRGN BIN LEAD Currin SILTER FLATINUM CARBON 
I YY 
—T Direction of current through solution. 
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In thie table, any snostance is positive to any sub= 
stance which follows it and negative to any preced: 


ing it. Fer instance, Iron is positive to Copper, . 
while Copper is positive to Platinum; Silver is | 
egative to lead, while lead is negative to Tin. 
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“URSTION #4. 


ANSWER #4. The rate at which the negative plate of a cell, wasteg 


What is meant by electrolysis? Give some examples. 


away, or is consume is entirely ca era on the 
amount cf current ths cell is supplying. Were no eur 
rent being supllied, supposing that the “metals were 
pure, all chemica’ section would cease, and no mater. 
ial would be consumed. 


The reverse cf the sbove process is lled electrolye | 


sis, where the liquid is breken up ‘and fhe metal 
derosited. he rate uf consumption of s substance 
wher one ampere is drawn froma cell, and the amount 
of metal deposited per hour by electrolysis, is 
termed the Electrochemical Zquivalent of the substan 
cee A table fullowss 


HLECTROCHEMICAL 3 QUIVALENTS CF ZLEMENTS. 
Fo ong > & 4 bed pa 

TLEMENT “SYMBOL a 23 PRT : : hae "a ; U 
Aluminum... + Al 0.3369 ‘ 2.969 
TOPPSTeecece : ny] ° L.L86 : 0.843 
GOLA 63% awwre 4 Au ‘ ee? +4 OeIE 
Hydrogetiece : H + 9,03759 : 26.69 
ETON eie:e:0 «<6 : Fe ° 0.695 ‘ 1.429 

: : 1.042 4 O.959 
Lesdecceces 5 Po é 26 98 “ 0.2592 
iiie ke 14 eevee « Ni : i 0094 . We 914 
Nitro®erieve « N : 0.261 4 3eGE8 
UXY ECT eeece ‘ C : 0.6983 ‘ B.O02E 
Silveresese ; AB 1 4,025 : 0,£485 
ELNCcccosee . wet y one : 3,820 


By mears of this table, it is possible to determine 


the amount of metal necessary to preduce a given 
current fur a given time. 


One exampie of electrolysis is electroplating. Advan= 


tage is taken of the faet that if a gurrent is pass 
ea throuzh eg solution comlaining the salt cf a metal 
vhe metal will se een ie am the negative plate. 


Another example is the destruetion of metal watermaing 


ete., due to sie Ste ig te. or the electrolytic actia 
Per instance, an electric "railway uses the track fox 
the return circuit. Ths rails ere not insulated and 
therefore allow the current to teax into the ground, 
This stray current will follow the path cf least reg 
istance, such as @ watermain ora zasmain back to 
bbe ganerater, which is also grounded. There is no 
harm done wnere the current enters the pipe, but 

at the olace where the «urrent leaves the nipe, the 
80il sround the pipe is uguaily moist sand salty, the 
salt acts ss an electrolyte and chemical action is 
set up beftwean the pire and the salt vater, sand the 
metal of the pipe is consumed by the salt and carre 
ied to scme other substance that is acting as the 
negative plate at the moment. The orly method of 
preventing the latter ig to previde a nath of lowe 
er resistance than watearmeains or gasimains, such as 
welding all lengths cf the rails together, or using 
gs secend trolley fer a return. 


nnn coeereccnenes 
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“UESTICN #5. 


uxplain the chemical action of a zine-copper cell 
using diluts sulphuric scid for the electrolyte. 


ANSWER 25. A sgine~copper cell consists of: A jar containing a 


dilute seintion of sguiphuric seid into whieh are 
immersed the two dissisilar plates, one cf gine 

and the other of copper. The chemical symbols ares 
H2S04, dilute sulphurie acids Un, Zines. Qu, coppere 


Upon completing a gireult by sonnecting a wire to 
beth plates, externally, the electreiygte commences 
to attack the zine. The 504 part of the alectrolyte 
haa a strong affinity tor the zine, and combines 
with the gn to form ZnSO4 (zine sulphate>. Por every 
rahi part of the solution that cambines with the gine 
here are two parts of bydregen (H2) liberated. The 
moment thet the H2 ig liberated from the corpourd of 
H2sc4, it possesses unusval readiness unite with 
other moleculese As there sre many mere compounds of 
Hesce4 in the seloution, the first He unites with the 
SC4 of the next molecule, snd the resulting H2 which 
is liberated nnites with the S04 of the next, and so 
cn acress the cell, until the copper electrode is 
reached, where the iast Fe rises to the surface. 


Therefore, as long as the sireuit ie completed, this 


shemical action takes place, and current ig supplied 
to the external circuit, but at the cost ef the zine 
slectrode, and the solution. The sine gradually was- 
bes away ard the solution becomes weaker. 


Ixplain loesl sction in s vcrimary ceil. 


were the metals ot the two electrodes in a primary cel 
pee. Lhere would te no chemical action uron breaking 
the external circuit, but it is nearly impossible to 


Shee ini such pure metal, therefere they corntain many 
impurities, such ag emall particles of iron, tin, 
lead, carbon, etc., Hhich substances, secording to 
the table of electre chemical series, weuld act as 
the negative olate or plates, when the rea of zine 
was immersed in the solutione These numerous suall 
perticles of dissimilar metal sat up numerous small 
independent cells, the chemical action of which is 
Similar to the action in the lsrge cell, theretore, 
ever theugh the external circult be broken, the zine 
in @ Zineecoprer cell, will gradually waste away due 
to the action cf the smailer local sere This is 
eslled ices eee rene it is bebe crev ted by eal 
Zamstione The sin 2E } 

paper, immersed ae dilate Sui ohur 
efill wat, covered vith me TOUry e This fone. bright 
am8lgam which protects the foreign mstearial from the 
action of tne acid, although not preventing the actiz 
of the acid upon the zinc. As the zine wastes away, — 
the mercury analzam reforms, thus preventing local 
action for tne lite of the zine electrede. Some manu-~ 
facturers cast the azine electrode with a small per- 
eentage of mercurye 


CUSSTICN #7. What is meant by polarization? How is it prevented? 


ANSWER #7. Ag explained in cuesticn #5, Hed 


drogen is liberated 
from the ee Ane te + 

vr 

h 


ry 

he combining cf the 
S04 with the zine “his hy< en seaumulates on the 
eeprer platee Cf course, i: @ gireuit Here broken 
and the cell allowed to stand idle for s veriod of 
time, the hydrogen would escepe to tne Surface, but 
when the cell is being used, the bydrezen accumulat~ 
es, faster than it can bs dissipated. The sopper 
plate ecated with hydrozen becomes nearly a hydrogen 
eae As hydrogen ia more positive than zinc, a 

Amaia similar to that between the zine 

and the copper, would te set up between the hydrogen 
and the fine. which would ofrosa the main current. 
This action would weaxen the cell, cause it to delie 
ver less current to the external cirsvit. The coat- 
ing of the negative plate in a ec2il is termed polari 
zation. This action ia pe rented oy means of a de- 
polarizer, which is anether emieal which has a 
strong affinity for 7; -drovan, ee which will combine 
with the hydrofen, oreventiug it from accumulating 
on the negative plate. This chemical may be either 
s liquid vr a solid. The difference in the various 
primary e¢lls now manufactured, is cee | in the 
method by which they accomplish the depolarization. 
some use two fluids: the electrolyte and the depolar 
izer. some use mechanical means, ach as reugh sure 
facing the negative plate suo that the hnydro2zen will 
not cling to it but will rise to the surface, or 
such as rotating the negative plate, but ne mechan= 
ical method will entirely prevent polsrization, so 
fhe mest of the cells utilise as chemicsi. 


“WSSTION #8. “Sxplain the chemical action of a Daniell cell. 


ANSW2z 78e The Daniell cell is made in many forms, but they all 
consists essentially of a gine positive plate and 
&@ copeer nesative plate separated by s porous parti- 
al tn the gine side is pute dilute sulphuric acid 
the copper side is rut sulivhste of copper dissol- 
nee in water togeithsr with some sulphate of coprer 
crystals to keep the solution of ceprer sulphate 
saturated. Upon slosing the circuit, the 3t4 of the 
H2S04 combines with the zine, forming zrso4 (zine 
sulphate, ana liberating tuo atems of hydrogen (82) 
whieh pass throuzh the porous partition. If the golu 
tion of copper sulphate were not there, the hydrogen 
would esecumuliste on the copper plate, but ag it is 
there, the H2 meets with the oaSc4 (coprer sulphate) 
and as it has 4 greater affinity for the 304 than | 
She Cu, it combines to make Hzs 304. This combination 
liberates CU, which forms on the cop er plate. When 
the Cu is liberated from the CuSd4 the sclution is 
deprived of some vf the Copper atid weuld in time 
lose its strength te the extent of being unable to 
prevent polarizatier. But tne eopper erystals keen 
the Copper sulphate solution <¢ mstantly saturated, 
The Daniell is s closed-circuit cell and will delives 
a gmall but steady current at about one volt. 


TUBSTION #9. 


ANSWER 


es 


"s 
EI 


What three other types of vrimary cells sre commonly 
used? : 


Three other types of prinery elle commonly used are 
the Leclanshe, the #eston Standard, and the Dry cel] 
The Lecianch is a gingle “olution-open cirenit cell 
utilizing a solid depolarizer surrounding the nega~ 
tive plate of earbdon, the Se genie element teing 
ZifiCe + he electrciyte is a strong scluticon ef ammon 
ium chloride, commonly known ag saleanmcniac. The 
Solid depolsrizer is composed of small pieees of 
caroon and manganese dioxide, which will take eare 
Fo tha limited amount of hydregsen produced hen 
the cell is on closed circuit tbat if the esll is 
} 3 
Lf 


i> 


i A 
lowed fo remein on closed cirenit fur any length 
f time polarization oocare. The gine La coneumed 
only cn closed Girenit and ss the cell is used for 
cireult work such as bell ringing, etc., it 
economies] and requires very little attention. 
The TMF is about 1.4 volts snd the internsl resise 
tance is about 4 ohne 
The Weston Standard sell js used as the base far com= 
diag: oe aes of 3] st aneae WOTt one ee 
ston Stan- 
hig Seine is 
used tee caus he eell ill, eG 260188 volts at 
2u° Centigrade, The Neston is chesen as Standard be-~ 
cause it will maintain = cons vant UME for a lone 
time on open circuit. It uses reury as the positiv 
plate ond an omalsam of 12% eoaniun ac the negative, 
with an electrolyte cof sadulum eulphate. The current 
delivered is very small, but appropriate for the 
use the cell is put to, as for drop measurements a 
high resistance is used with it se that the eurrent 
taken from it will be minute. 
The varicus forms ef Dry cell are the most common of 
the primary cells, beine used for general ignition. 
The electrolyte in this case is combined with some 


absorbent, making the battery eagily por ven aes anoth 
er reason for its common use, lt! the usual tyre of 
dry cell, the positive elemect {zinc) ig used as : 
a container in eylinder form xhich holds the negate | 
ive ele ment (esrbon} aud the dsrolsrizer (manganese 
dioxide} snd the electrsiyte. The electrolyte is 
gomposed of: cxide of gine, 1 part; snleammoriac, 1 
parts chicrias of aine, i port; wster, = partes by 
welzht. The chemies] action in thia cell is identic- 
a] with th ehe cell, the only aifference bee 
Wing the 3 usterial, which permits the ease 
of portabil ney are very luefficient, though, 
as iLneir # umalil, and their eslectrodea and 
eleetrolyt? ean not be replaced withcut exeessive 
eee : 3 fully discharged dry cell may be 
partially vovarily reneaved by vunching holes 


herr 
in “the ease atid immersing the cel] in a saline solue 
tion. Their renewed life is very short, however. 


CUSSTION #10. What is a storsze cell? what does it store? 


ANSWER. 410. A storage sell is simply ea veltaie cell, consisting 
of two cemckeiealencae metals inmeresd in an electrolyta 
i : mn 30 that after delivering 

8 suet ure) srne nif “cor s pericd of 
tine, mey be tored to their original sondition 

by passing a curren them Lr an oppesite 
direction. In the most sommon of storages eelis, the 
leadi eell, the materia 1 tae electrolyte have 
been chesen so that pa a current through the 

( seli will shange the plates te dissimiler metals 
and tre selution te quid ee Be sttack the 
plates, tuss conve ee ae into 

enemical 2nerey. Sack. woes 

the elestrolyte attacks th 
material, ir fact, maxes 
ducing ine Li ffaréuc: in 
ne murrent Gan Plow. nes 
negoueary tc again Fores 
in an opposite direction 
ity of tne materiais an ao 
trclyte. Two or mcre steerage 23. 
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24 
triscslly is galled a stcrage battery. 
A storage cell doas not stcre siesctricsity. It stores 
enemioal energy (dissimilarity of slectro?es and 
Strenusth of elee!rolyte} that may ba converted into 
electrical en ergy by closing the external circuit. 
“USSTICN fll. shat sre the active materials cf a lead scid cell? 
Cf sm Daison cell? 
ANSH@2R <ll. The sctive material of eg lesa eail consists ef a neg- 
ative plate of spongy lead (Pb) and a positive 


plate cf lead perexide (PbC2)}. 

The achive material of an Tdison cell sonsiste of a 
negative plate of ture iron (Pe) and a positive 
plate of niekle oxide (Ni2c?7). The nickle oxide 
was at first sickle hydrate but on the initisl 
eharz2 Was changed to nickle axide and never retur 
to nickie hydrate, on ‘ischarze it chanzes only to 
a lcwer oxide of nickle ; ile the negative 
plate of pure ir oxide, 


“USSTION #12. ixplain the shemical action that takes vlace in a 
lesd cell, 


( ; ANSWER #12. Jomposition of a isad ¢all and chemical ayirbols: 
ae Elect rolytees..dilute aulphurie acid..eH2S504 
Negative priate. eSporng é 

eat 


Tositivea plateeel 


cn dJiseharge, the eae acid hreazs up into posi-~ 
tively charg ‘ad HE icns and nagatively charzed 504 
ions. The SC4 ions unite with: the lead plate form= 
ing lead sulphate {(FbS04} giving up their negative 
charge to the Lead plate. The hydrogen ions (H&) 


esrry their positive charges to the Lead peroxide 

: plate Ziving them up to the plate and uniting with 
the oxygen of the lead peroxide of the plate and 
forming water(H20). The hydrogen ions actually 


oo ee a i 
seine ta - ee 


ANSWER ¢12. Continued, 


get electrons from the lead peroxide. This is equis 
valent to f#iving the lesd perexide a positive chsre 
gee The sulphuric acid in sontact with the seroxide 
vlate is also truken up into ions ef He and S04. 
These k2 ions unite with the oxygen cf? the lead per 
oxide and form more water. The SC4 ions instead of 
going over te the negative plate unite with the 
lead, (7b) of the lead peroxide (PbC£) plate snd 
form lead sulphate (PbSC4) on the positive plate. 
Thus both plates are beings reduced te ilsad sulphate 
The ceil continues to deliver current until the 
plates are ertirely rsdaucedc toe lead sulphate, when 
of course, sll aetion will cease, since there would 
be but one kind cf material pp estut, a and 4 battery | 
requires two kinds. The practical limit of dis- 
gharzge, hewever, is reached iong before bath Oven 
gre comcletely reduced foe the same material. Gn 
disenarze, the «lectrolyte is cunstantly szrewing 
weaker, resulting in a lower EMP, and the active 
materials, lead and lead reroxide, sre being re- 
Loy 


piaced ty lead sulphate, «hich hes a mvoch higher 
eae AMiCL « 


on cherge, beth vlates are lead sulphate. Aan cutside 


gurrent flowing through ths battery in sn opposite 
direction breaks up the water which has been formed 
during discharge inte nositively charzed hydrogen 
ions (HE) and negatively charged oxyzen ions (c). 
Part of the positively ene nydr: o2en lions are 
now attracted to the negativ2? priate ard unite with 
the 364 of the lead sulphate, Sormir Zz erecta 
geid {H28C4) and leaving pure sporgy lead at the 
negative plate. The negatively charged leas ions 
(oy flowing against the current are attracted to 
the positive plate. Here. they unite with che. Lead 
{Pb} of the lead sulphate (PpS04) plate and form 
lead nore zide (Poc’). The S04 psrt of the positive 
plate is finally united to the rest of the hydrogen 
ions liberated when the electric current broke up 


arr 

the water E20 inte HE and &. This action forms stil: 
more sulvhuric acid, and s pcesitive pviste of lead 
peroxide, ivyhen el] the iead r @ has heen chane 


zed over to lesd peroxide ara pure lead, the hatt- 
ery is restored to the state it was in before it 
was discharged, sria ia now ready to furnish current 
azvain, The acid grews denser during charge so, as 
the SMP depernas in part on the strength of the 


alectrolyte, the BMF increased on charge. 


The cnenical eguatione for charze and discharge: 


eee 
DISCHARGE. 

PRCE plus Pb plus 2 Hesc4 eguals SFbSC4 rius Heo 
Charzee 


vt 


“URSSTION 413. txplain the chemical action that takes place in 
an fdison cell. 


ANSWER #13, The “disen cell cons ists of a jar of nickle-plated 
; sheet steel containing an electrolyte {21% potash 
in cure distilled water: into whieh are immerae 
the OST ive and nerative platese The pesitive 
plate consists at first cf nickel hydrate (Ni(GH) 2) 
and th i@ nesative plate cuneiste of iron oxide (Fed) 


The chemical actions which take place are nut clear~ 
ly understood but the following are surrosed to be 
he approximate action " 
when the cell is £3 
Nitowj2 is shang 
iron oxide Fec is re 
rilekel oxide NiGeé soon 


cel hydrate 
ice and the 
iron,Pe. The 
Le ner oxide 


Un discharge ,the > 4 
to a lower oxia Lok 
Vibersted which &: gat. 
to the iron plate, Zives 
snd nrites with the priate 
Wa(OH}E, The alretralyte 
vhich 3ffeet is opposite 
Tne glectrelyte, potassium aes KOH, is not 
broken up, syd geeme to sect meraly as a ceatalypzer 
a rrier 
Ss: whe 
2s 
3 


ee cy 


CUSSTION #14. What voltage should s fally cist ers lesd acid cell 


have when on the charzings cirenit with mormal charge | 
ing current, flowing thru? | 
ANSWUR fi&é. The averaze voltage cf a fully charged lead acid 
eell, gasading fresiy, when the cnarging eurre:t is 
rormsl is £.5 volts. 


ne Fond oOoRT Lys 2 ‘ ieee 9 as fae 4 
USSTICN 715. what voltszs should a fully charged 
andar the es.2@ ac S in “ue 


Ry oye ye a t 2 ae a a Aa ee mAs 
Aas a Br 7ilSe The average woltaz2 of a fully charged “Sdison eell, 
gsssing freely, when cae charging current is normal 
Se * ne 
is 1.35 voltse 


“JSSTICN #16. Describe the element of s lead acid cell telling of 
the eonnections within the cell and the colors of the 
vlates. ‘ 


( 


The most common fcrm of lead cell use 
pasted tyre of plete, in which the 
in paste form is spread on the 
or placed in the apertures of ths 
masses used in prastice vtilize + 
tion which resuits from the forms 
phate to harden the paste. Many f 

a 
fog 


ANSWER #16. 


™ 


loeking the saterials have been 
gonsists cf artimony-lead casting 
terme, such as the she lf anda diamor 
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1 with ox ae of i ie 
emoosition which e 


ireugh an elactre 
activerts the meterlal of the 


peroxide of lead and that of the n 


~~ 


spongy lead. The rogitives are a 
ther in one group $9 8 comunon teri 
@ lead strap, and the negative vi 
in s gimilar zZzrour, the 
interleaved with each cther, s 
nlate hag a negative es sdga 
it on eitner cides This require 
plate in gach cell than positives 
and negative zgrouns are assembled 
jacent rlates, being of opposit 
£ept separated and 


siete 


@ 
Peas 


a5 
electrical centact tetween the tt 
point will short-circuit the sxtir 
reagon ssparatorae are pissed betwea 
prevent contact between them and t 
are now almest universsily nade cf 
+) 


tive and negative groups, togethe 


tors, are collectively called the 
ment is usually set vertically is 
of hard rubber or glass, cr in rst 
tank. The positive niate ig brown 


ard the negative plgte igs 2ray Sron 


“URESTICN -l?. Describe the element of an Gdison se 
eonnections within the cell. 


ASW RE FL7?e The Zdison, or wi leiron tyre of 2 
positive plates whieh are made ut 
gheet natal tubes inte which is ta 
material consisting of alternate i 
hydroxide sud flake nickel, t 
in steel frames, The negative plat 
ag with thin rectangular poazats 
steel which hold the setive mteri 
and metallic iron. The frames, 
are nickel plated. The positive an 
are sgsembled together, wit? 


ry 
i) 


than positive, so that the max: 
poor piates may be utiliaed 
eparators. 


surface of the plat 
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ide e31l the resitive and m 
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ve into Soa 
gative into gray 
exnected toze= 
nal by means of 
ares connected 
ates being 
ach positive 
te and facing 
ne more nezative 
: the positiv 
iner, the ad- 


ty, must be 
ather, as 
ps at any 
e le *or this 
2 2 viates to 
separators 


woode The posi- 
with the separa-= 
element. The ele= 
eontsining jar 
adelinesd wood 
eroxide of lead 
ay 18ade 


ce 
1 
Le 
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the active 
ayers of nickel 


ne tus a8 ysing mounted 


es are steel fram-« 
cof perforated sheet 
al, iron cxride 


r 
tubes, and pockets 


negative plates 


1 ons More uegative plate 
um curface of the 
» With:ard rubber 
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“UESTION #18. 


oar, 4 
ANSWER F 18.6 


As sulphuri¢ acid is heavier than water, tne electro- 


Wavy standard storage batteries ars so desisned that 


The spec ifi ic 


State how acid electrolyte is prepsred for use. What 
is mesnt by specific zravity? 


The electrolyte in sa lead cell is s definite mixture 
cf chemically yure sulpharic acid end distilled 
watere The preper amount of distilled water, accord 
ing to the table shown below, should be placed in 
8 zlags or earthenware (soreelain) jar, large eno- 
ugh to hold the whole of the mixture. The proper 
amount of acid, according te table, snould be plac 
ed in a Similar jar or pitcher. The ACID IS POURED 
INTC PHS WATER (Never water into acid) very slowly 

and the mixture is constantly stirred to dissipate 
the heat which is generated. The table of solution 
follows: 


2 


3 co 

~ * 
SUATITY WATER 2 1 PART AcID: 
s 7 2 dO0 2047 ‘. 
: 1.£59 2,22 
: 1.220 2,84 
e he ed - of . 
: 1.609 4.33 z 


° 


lyte will also be heavier than watere Ry "specific 
gravity" we mean the ratio between the density of 

a body snd the density of an equal volume of water. 
Water is cengidered to have a specific gravity of 
1.000. When we speak of the spaeclitic gravity of a 
hattery, we mean the ratic of the density of s cubic 
inch of Re eas te the density of a eubic inch 
of water. The specific gravity of the electreiyte 
varies with the <ufferent mannfacturerg, and in 
certain cases iv as high es 1.300. Sommercial bat- 
teries are generally rated st 2.280 fully charged. 


when they are fully charged Ree ea zive hydro- 
meter readings i batween 1,210 
and 1eccd at and of 1,130 
at 50° Navy uses bate 
teriles co sponifie grave= 
ity, because by wo doing if: of the battery is 
prolonzed, yet sufficient ia furnished for 
sll purposes for which th tery ia designed. 

rob ‘is determined by 

n which is im= 

rometer aonsists 
ene end loaded 
ar end carries 
that a direct 


ean 


znsbrume 


Spectiic. = adi Faken, iYhen the 
nydromeier ped Lrolyte, is will 
eink to a adept 1 on the weight cf 
the liguid. reading of the hydromater scale at 
whe surface of the iigquid is the measure of the 
epeeifie i etets of the Liguid. Specific zravity is 
affected by tamperature; an inerease in the tempe: 
ture of the electrolyte causes it fo expand sy 

show a lower specific gravity, although the 8 


ANSVTR #18. Tontinned,. 


As the atane 
servies is 
corrected for 
~ 2° of temper 
294002 for 

Pelect 


+30 OS or DOR SG 
<j cr CM bh 
wrt oO 
Ces; 
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@ 
or 
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%k a: 
Le erevit 
i? 7 


. pad ae Tote 

natts hermometere he e the 
sobreeonains nuher, agce ine 
{ne sesle, which must =ted 
frem the setual specifie 


° Wiigon seall consists of a 21% 
‘ n water with o emall pereeart 
ty ef the solution is 1.21! 


Go 
1 need nevar be prepered by Nav 
an a @ wo tution Benes from the manvfactur 
rg svi nixed in. a risgkel steel eontsiner. shen 
3 fo oa e 
) ) 


a 

& cell nee new solution, open the container and 

pour the ¢ nto the eil, takins care to use 
q : 


enware yitcher. 


“URSTIGN #£0. Tell when snd how you would dumm s iesd seid cell to 
rene electrolyte. 


ANSWER 350, The electrolyte in t sll shou 
it becomes volvteda with ferel 
ceil iz leskirg, so that the 
cut ard repaired, or whe 

om of the cell wiles F 


8 
hs “Leetrelyte = 
.2efore dumping the 
fully WSixcharzed in o 
fhe plates. Then half 
3 


cut of is 

neured ont and the ether half 8 

F Vo US. ESe 4aGeb- OF a 

L ge cut shen the remais atrelyte ig 
poured cute Then the cell is “vith distilled 
seater and given a "dry sharge" ive cut what 
Little remaining saeid Enere La 2 slates. This 
water is then dumped ; ead 

new solution, providc 8 


“TTRSTICON #21. Tell when and how 
renew the solution. 


@ gravity of the solution in sn #dison cell 
3 from 1,290 to 1,30 end will remain the 


h 
game on charge and discharge for an indefinite j 
of time, Qut eventually the clectrolyte will @ 


ANSWER #21. Continued. 


specific gravity aue to sz3 or when nart of the 
mixture is spilled amd the volume ig brought back 
to normal by the additien of distilled weter, 

dhen the aspecifie gravity falls te 1 the soluticy 
needs renewitig. Co dune Gi 3 re + 2irst 
cherge the bettery, then pour half tne 


solution 
« few times 


¢ 


ewish the remainder srowund ir 


te break Loese any sediment 1, then rour 
it cut and fill the ceil water and 
again thoroughly charge She water 
and the cel] is ready for t dew sulution. Ainays 
we careful to use a tlack trun furnmel snd an sarth 
anware pitcher to pour the solution. Never « tin 
or ay enamel furne’. 


“URSTICN #22. What rrecsautions whould be taken sreund the battery 
tment in r 


t 
ecomeartment in regard te ventilstion and open Lights 
er fismes? 

ANSWER #22, Adequate ventilation must be provided in @ battery 
Compartment to earry off sil of the hyarozen gas 
which is isanaufactured in charging gternz2 batteries 
This hydrozen sags i8 vary explosive so extrsme care 
muat be taken never te sxpose s naked Pleme in a 


battery compartmente 


are liberated from storage batteries when 


Ss id aSTI CN 4 Loe Vhat 23 ses 
& ° a hs t d oO e Ss $ see 5 Ly a i es f a? 
e Ur a we 


eharzin 


ANSWER #63¢ Hydrogen gss ia Liberated from storage b 
they are on gharge. The nydrogen gas is caused by 
the decomposition of water FEC in the solution by 
the electric current flowing threugh the battery 
after the cell is fully chargea. The water is broke 
en ur into d2 and C. These come te ihe surface in 
form of buobles. The hydrogen 28a is explosive. 

A uniform bubbling, or sassing, or liberation of hy-~- 
drogen ir: all eslis is an indiestion that the bate 
tery iw either beirg charged st too high a rate or 
that the vattery is felly eherged, 


batteries whe 


“UESTION #24. What four instruments sre necessary for the proper 
gare of bstteries? Bxrisin the use of 2ach, 
ANSWt2 #64, The four instrunsnts necessary for the preper care 
of batteries, are: An ammeter, 4 veltmeter, a hydro 


meter, snd a thermometer. 

The ammeter ig uged to measure the amount of current 
being used to charge 4 battery. The veltmeter is 
aged to determine the state of charge cr discharge 
of a battery, The hydrometer is used to messure the 
specific zravity cf a battery and the pi acoadigs 
ig used to check the temperature of the battery so 
as not to exceed the limit of 11O°F., and to apply 
the correction toa the specific szravity described in 
the answer to question #18. | 


eet & 


TUBSTION #25. What is the minimum allowsble voltage of s lead seid 
e211? Cf an Bdison cell? What is the minimum sliow~ 
able specific arsvity? 


ANSWtR FES, The minimun allowable terminus] volts ge of a lead acti 
eell is 1.75 veite. The minimum alicwsble terminal 
voltage of an 2disor eell Le from .9 to 1.0 volts. 

The iniviimum allewable specifi tu of a Navy leaa 
eell is 1.140. The snecif y of an Edison 
COL s: Hormel nees ot. cs erearze or dische 
ares, theugh tre selnution p after being 
int uge se lone time, a yeneved when it 
arups te 1.169. 


USSTICON #26. Upon what does the espacity cf s e311 derend? 


ANSWER a cell deperds on the area of the 
l immersed and on the distance betwe 
dounon the conductivity of the elece 
on the thiogkseks of of the piletes, and 
SQUSETE 
USStTiIcn common souree of injury to a cell? 


ANSWER mndury te ad acid cell 
i Stueces de ay 3 of Jesd 
3 viees of the plates, which 
L id may uteasion buckling of 
$1 ekled plates should he 
8 e observed. Do not let the 
fei Zed sonditicn. 


ong would you ehsrge s hattery st normal chargin 
fa) 


ANSWER #28. The standard time of charge of storage batteries to 
used in stationary work is 8 heurs. If enarge or 
schsrze is carried on more rapidly than this, the 
ampsre-mjhour cavrsazity of the eet is lowered soe} 
whate It is te bea underetcod that the elenfi-hour 
TaGS, is insrely that rate for the 


vast lite and 

the greatest efficiency. lo sree au is doze, hows 
ever, iv? khizher ehargzins rates a ed, »rovided 
the current Ln ainpe raa &t no bine Zreater than 
the nasher of amperes houre which still be rut 
into the buttery. Per iustance, i LOO ampere-hou) 
osbttery is sumoletely discharged, the herging rate 
mizht estar’ at 100 amperss. But when 25 ampere hours 
nad been put ints tne cell, che charging current 
shoulda not exceed 75 amperes, the surrent continual- 
ly decreasing as *ne battery >ecomes charged. When 
hicher rates sr2 used, the chemical setion is vio- 
lent, excessive gassinz occurs, “he temrerature ris- 
ee rapidly, and tne achive 2lements are not proper- 
ly deposited cn the plates and are lizely te form 
a deposit ii the bottom o he jar, which may even- 
tually rise high eneugh to reé the pl 

i t e 


Pd 


short-circuit them, 


cUESTION 


ANSWER 


Sao teh CRM ge ane! SR OSEAN RPO RE EO 


#29. Drsw a disgram of the SB 


SE AE A RET TE DET NI ET IE I TT IT RE 


3602 charging unit. How are’ 
the resistances connected in this eircuit? What 
would be the effect if two of them burned out? If 
four burned cut? 


75 ohms 


Bsttery Charging Rese 


There are glever 75-ohm resistors in a perallel ank 
in geries with tne Filament batteries, There is 
one 75-onm resistor in series with tre Plate bat- 
taries. 

Ths total resistance of the of elever 75-ohm 
reeistors in persilel is te the resistance 
of one divided hy the rn resistors: 


os a 
é ioe os 
pe b6—. ohg Se 
5 11 F 
bn ah Bi 
faerofore, tre bank hes g total resis 2s of 6 ay 
9/ll choas in seri with the batterie his re 
4 wou uy 1? at lL 


aa bar lan 
If ives i. rs ted 
“yt ce ‘; a 
arice of the osank woul 
i 


aes pn Lay ~ = 
m vhe circuit would, 

ne cursent Le Lrvaree 
ay 


total resis 


t culd pasg 
a @urrenst of 1 


at 1L20Vv. 


“ith the Plat 

2 would te cpen snd 

sjuzie 75-ohm resistor 
5 smps st L2ovVve 


Tf the sinrzie 75-ohm resistor in series 
batteries, burned out the line 
no current would flow. Ths 


+ 


$ 
Will pass &@ eurrest of 1 and By! 


SUSSTION #30. 


“URSTICN #31. 


Laan 
LRT QT 
ANSWSR 


J 


How would you connect 3 ten volt storsge battery to 
a 110 volt line (DC) to send eurrent of five 


2 


a 


amperes through it, using incandescent lamps? Draw 
s diszram of the circuit giving the number of lamps 
or ratinge 


snd their size 


uged 


Ao ata SLE, 
Apa fa fafafafay— 

Disre2 recietanes of the battery 
and 2 lines, the 10 velt batter 
buenking tly would be the same as 
a lo ve igl across the battery. 

Sinse we must have a surrent of 5 amperas flowineg 
through the battery, we must have = resistsnee, in 
ecrieg with tha bettery, which will esug? & drop in 
potentisl egual te the difference between the charg 
ins voltsge cP the vsttery, 19 volts, and the 3.M. 
119 volte, whien is 190 volte. To find this resige 
tances 

w foe as 
Pormulas 2 == * 2) St ee 
T 
To ovtain thizg r guece 
we inust ochtain s moe 
of 500 watts on vel ( 
Since incande rated 4 
igs necessary ‘Owe by 
the aeme resi ezardin2 the tem 
perature coef : 
eQ ohme of: @ 119 volt line wouls draw 5.5 ameeres. 
Qo find the power co:usumneds 


Formula: F 2 78 = 5.5 x 110 * 605 watts. 
one f incgandercaut Lamps which would 
é voit line, are: 8-60wW, 
wattie 
Draw TW Transmitter. 
#31. See separate diazrame 
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Care and upkeep of Lead cells. 


The attention that should be given to storage batteries is summed : 
up under the following general heads: 
1. Add distilled water often enough to replace evaporation, 
keeping plates covered at all times. 
2e Keep all connections tight and covered with a light film 
of vaseline. 
3 Keep the filling plugs tight and the battery dry and clear 
4. Take hydrometer readings at regular stated periods accord: 
to the duty being performed by the battery. 
5. When the battery is to be idle for any great length of 
time piace it in storage. : 
The batteries should be charged at regular intervals. They should | 
be charged at the normsl rate and the charge completed. Habitual 
undercharging is one of the causes of a battery becoming sulphated. 
A battery should never be allowed to stand in.a completely dischar- 
ged condition, as this may render it unfit for further service. In, 
the course of time sediment will collect in the bottom of the cell} 
this should be removed before it reaches the bottom of the plates. 
to prevent short circuiting. 


To remove this sediment first provide another jar with similar el- 
ectrolyte and then charge the battery fully. Lift the plates out o1 
the container, placing them temporarily in the jar of electrolyte, 
then draw off the electrolyte from the container from which the 

plates were removed, plscing this electrolyte in an earthenware ves 
sel. Remove sediment from the bottom of the container and wash out: 
container with distilled water. Next replace plates and original : 
electrolyte and complete filling of all cells with new electrolyte, 
If, after cleaning the battery the specific gravity is found to be| 
low, the battery should be brought up to standard by adding the 

electrolyte instead of water when replacing loss from evaporation, 


If any of the following symptoms are noted in a cell compared witk 
surrounding cells, the cell in question shculd be examined for a 
short circuit: 

le Falling off in specific gravity. 

2- Lack or deficiency of gassing on regular charge. 

3e Color of plates markedly lighter or darker. 

4. Excessive temperature. 

5. Lower voltage. 


Individual cell voltages should be taken when the battery is dis= | 
charging at the normal rate as the open circuit voltage of a cell 4 
is of no value in determining the state of charge, due to the fact’ 
that a normal cell although fully discharged will regain almost iti 
full voltage on open circuit. Manufacturers instructions are usuals 
ly available. These should be studied and carefully following in 
the care and operation of the battery. 


Management and Location and Repair of Minor Defects. 


There are a few important rules that one should bear in mind in” ~ 
the management of a lead storage Deserve oo 
Always use pure electrolyte. 
Never allow the surface of the electrolyte to fall below ti 
upper edge of the plates. 


Always keep the electrolyte as furnished by the 
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